Abstract. This work aim to functionalize the ZnAl 1.9 Eu 0.1 O 4 spinel with ethylenediamine and methylmethacrylate monomer mixtures. ZnAl 1.9 Eu 0.1 O 4 nanoparticles were obtained according to the theory of propellants and explosives by combustion reaction. The samples were added to the silane agent 3-aminopropyltriethoxysilane. After silanized were functionalized with a monomers mixture. By X-ray diffractogram, it was observed the formation of a major phase of ZnAl 2 O 4 cubic normal spinel and the secondary phase EuAlO 3 . The FTIR spectra for ZnAl 1.9 Eu 0.1 O 4 exhibit absorption bands below 1000 cm -1 , and after the functionalization showed two conjugate bands that were attributed to the presence of free NH 2 groups and the binding of oxygen to the group NH 2 , and strips Si-O, originating from the silane agent. The emission spectra for samples before and after functionalization showed spectral lines 5 
Introduction
The doping of semiconductor ceramic matrices with lanthanide ions (series external transition) also known as rare earths aiming to obtain materials with luminescent properties, has shown promise as a model for obtaining materials with tunable light emission. Mainly due to the quality of the observed luminescence of the lanthanides, this may enable the development of molecular devices with converters of light and applicability as luminescent markers (sensors or probes) in immunoassays [1] . For this, it is necessary to surface modify of the inorganic oxide with the use of silanes agents.
The silanes agents are used to modify the hydrophobic to hydrophilic character, so that the organic or inorganic matrix has affinity with biomolecules [2] . Its main feature is to promote adhesion between organic-inorganic hybrid substances. The silanes are used as surface modifiers, adhesive resins dental bone cements, among others. Among the types of agents commonly used silanes and that has proven effective in the nanoparticles functionalization have 3 -aminopropyltrimethoxysilane, 3-chloropropyl-trimethoxysilane, and metacriloxipropyltrimethoxysilane [3] [4] .
Methylmethacrylate and ethylenediamine are monomers which have functional groups C=O and-NH 2 , respectively in their structure, which makes them promising for the combined organic addition, when polymerized form a biomolecule high molecular weight, which makes it possible tests for use in immunoassays. The methylmethacrylate is used as bone cement in hip implants, between the prosthesis and the bone tissue of the patient, such as hearing aids; cranial prosthesis, prosthesis sustaining, among other applications. The ethylenediamine has been used to inorganic supports functionalize such as silica magnetic particles [5] [6] .
In this context, this work objective to synthesize and characterize surface modified ZnAl 1.9 Eu 0.1 O 4 nanoparticles with 3-aminopropyltriethoxysilane silane agent and functionalized with a methylmethacrylate and ethylenediamine monomers mixture, aiming to develop in the future luminescence sensors for biological applications.
Experimental
The reagents used in this study were: aluminum nitrate [Al(NO 3 ) 3 To perform the synthesis by combustion reaction used a silica crucible and glass ceramic base container and a spiral resistance exposed to air (temperature about 600°C maximum resistance. Initially, the reagents were mixed, zinc nitrate and aluminum (oxidizing agents and a source of cations Zn 2+ and Al 3+ ), Eu 2 O 3 (source of the dopant cation Eu 3+ ), and urea fuel (reducing agent) required to obtain the desired composition ZnAl 1.9 Eu 0.1 O 4. The proportion of each reagent was determined based on the theory of propellants and explosives using the valences of the reactive elements, for facilitating the ratio oxidizing / reducing = 1 [7] . Then, the product was removed and desagglomerated, sifted through sieve # 325 mesh (44 µm).
For ZnAl [8] . Then was added 10 mL of monomers mixture (3 mL of methylmethacrylate and 7 mL of ethylenediamine), and subsequently placed on a plate without heating with stirring for 2 hours. Then another 10 mL was added the monomers mixture, leaving under stirring for 2 hours. The amount and cure time of the monomers used were defined based on the results obtained by Pan et al., (2004) [6] .
After curing, the liquid was put into tubes of 12 mL in a centrifuge FANEM baby model, speed 500 rpm/20 minutes, and there after the liquid discarded and the nanoparticles functionalized were washed with distilled water and centrifuged several times, so, any excess reagent was removed. The samples were washings by time five following consecutive centrifugation. The resulting sample was placed on a watch glass, and dried for 24 hours.
The resulting samples were characterized by X-ray diffraction. From the diffraction data was performed to phase identify, calculating the crystallite size, and crystallinity. The equipment used was X-Ray Difractometer LAB 6000 Shimadzu with scanning was performed in the region 5-75 ° 2Ө using a speed of 2°.min-1 and CuKα radiation (λ = 1.5418 Å) generated by applying voltage and current of 35 kV and 15 mA, respectively. For phase identification was used program (Pmgr) from Shimadzu and obtain crystallographic patterns of the cards was accessed the database JCPDS. Crystallinity was obtained in PDF-2 program which used the correction coefficient Lorentz; it was possible to calculate the percentage of crystalline phase. Crystallite size analysis dhkl for each planes family {hkl} was made using the Scherrer's equation [9] . FTIR spectra were obtained using a Nicolet spectrophotometer brand, model AVATAR 360, and program Omnic ESP 5.1, between 4000 and 400 cm -1 , with a resolution of 4 cm -1 and 100 scans. For analysis of transmission electron microscopy was used a transmission electron microscope Philips model EM420 (120 kV voltage). The excitation and emission spectra were obtained using a xenon lamp (150 W), making up the excitement in a spectrophotometer U1000 Jobin Ivon Ramanor model H-10, double monochromator Jobin Ivon U1000 model of 1 m. Fig. 1 shows the results of X-ray diffraction for ZnAl 1.9 Eu 0.1 O 4 nanoparticles obtained by combustion reaction, before and after the functionalization with the monomers mixture. Fig. 1A e 1B, it can be observed the formation of a major phase of ZnAl 2 O 4 cubic spinel normal according to JCPDS 05-0669 card and the presence of secondary phase EuAlO 3 according to JCPDS 30-0012 card, indicating that after functionalization of the structure nanoparticles was not changed, with only a small increase in basal width, which should to amorphous characteristic of the monomers used to functionalize. Intensity (cps) From the data of X-ray diffractogram for ZnAl 1.9 Eu 0.1 O 4 nanoparticles, it was calculated that the crystallinity was 72%, and average crystallite size of 33 nm. After functionalization of ZnAl 1.9 Eu 0.1 O 4 nanoparticles with the monomers mixture presented 57% of crystallinity and average crystallite size 22 nm. Fig. 2 shows the vibration spectrum in the infrared region in the range 4000-400 cm -1 for the ZnAl 1.9 Eu 0.1 O 4 nanoparticles before and after the functionalization with the monomers mixture. There is an OH absorption band around 3400 cm -1 , and a band around 2350 cm -1 attributed to stretching C = O. The characteristic band of CO 2 is likely to be from the remaining gas coming from the combustion, which may not completely remove during the synthesis. There is also a band corresponding to the angular deformation asymmetric NH (-NH 3+ ) in the region of 1650 cm -1 , another band of symmetric deflection angle near 1535 cm -1 and two bands below 1000 cm 2B there is a band 3700-3200 cm -1 corresponding to the vibrations of axial deformation of OH silanol group (Si-OH). This band indicated the complete removal of OH groups that were previously present in the sample, noting that there was a chemical reaction of spinel structure with the silane agent for surface modification. At 2900 cm -1 shows a small peak related to CH stretching vibration, due to the presence of monomers. Fig. 2B of the spectrum one can observe two conjugated bands; one appears at 1600 cm -1 , which was attributed to the presence of NH 2 free groups, possibly attributed to the presence of ethylenediamine, and one band at 1557 cm -1
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A Special Issue in Memory of Dr. Lucio Salgado corresponding to binding of oxygen with the NH 2 group of the silane agent. In 1084 and 1045cm -1 shows bands corresponding to the asymmetrical stretching conjugated ν ass Si-O-. It was also observed, the bands below 1000 cm -1 that are assigned to the vibrations of metals in the tetrahedral and octahedral sites. Fig. 3 illustrates the particles morphology determined by transmission electron microscopy (TEM) in bright field (DF) with the diffraction pattern (SADPs) for ZnAl 1.9 Eu 0.1 O 4 nanoparticles before and after functionalization with the monomers mixture. Fig. 3A , there is a very heterogeneous morphology, consisting of agglomerated particles and needle-shaped particles with approximately hexagonal shape, with size smaller than 100 nm. This variety of sizes and shapes results in enlargement of the spectral band optical absorption. In the diffraction pattern (Fig. 3B) electrons are observed concentric rings, the corresponding well-defined family of planes {hkl} belonging to the ZnAl 1.9 Eu 0.1 O 4 spinel phase, proving that the material is crystalline. The selected aperture has revealed the main rings corresponding to the spinel structure. Fig. 3C , shows that the material consists of particles agglomerated, which may possibly be due to the amorphous character of the monomers that tend to join the particles together. In the electron diffraction pattern (Fig. 3D) , there are not as concentric rings with fine spectral lines belonging to the spinel, verifying that the functionalization of ZnAl 1.9 Eu 0.1 O 4 nanoparticles with the monomers mixture, significantly alter the crystallinity of the material. The selected aperture has revealed the main rings corresponding to the spinel structure. Fig. 4A show the excitation spectrum for ZnAl 1.9 Eu 0.1 O 4 , before and after functionalization fixed emission at 614 nm in the range 210-550 nm. Between 225-350 nm, it can be observed an excitation band "large". This band is caused by charge transfer transitions of the O O 4 nanoparticles. We also observe that the spectra consist of broad bands, this suggests that broad bands in emission spectrum of Eu 3+ sites indicate inhomogeneous, which usually occur in amorphous systems. This behavior was observed for Ávila (2010) [11] , when preparing organic-inorganic hybrid matrix based on silica and kaolin clay, by sol-gel observed and a broad band emission at a wavelength 500-560 nm and assigned systems amorphous. Fig. 4B illustrates the emission spectrum of ZnAl 1.9 Eu 0.1 O 4 nanoparticles before and after functionalization fixed excitation at 290 nm in the range 370-720 nm. It is observed that the spectra of nanoparticles before and after functionalization emit in the red region and transitions Eu 3+ ion characteristics were observed. By the spectrum peaks are observed emission characteristic of the zinc aluminate doped with Eu 3+ ion in the range 572-703 nm. It was also observed that all samples showed the characteristic transitions of europium 5 
Conclusions
It was possible synthesize ZnAl 1.9 Eu 0.1 O 4 nanoparticles with successfully at the nanometer scale with the presence of phase EuAlO 3 with promising luminescent properties. The samples functionalized with a monomers mixture showed similar ZnAl 1.9 Eu 0.1 O 4 nanoparticles obtained by combustion reaction. The samples before and after the functionalization showed europium spectral lines and the functionalization had increased luminescence, indicating that they are promising materials for use as photoluminescence sensors.
